, is synthesized by reacting ethyl cyanoacetate with ethyl amine to produce the amide 4, which when reacted with methyl propionylacetate, afforded compound 8. Compound 8 is then coupled with aromatic diazonium salts to give the corresponding arylhydrazono-1,4-diethyl-2,6-dioxo-1,2,5,6tetrahydropyridine-3-carbonitrile disperse dyes, 11a-d, whose structures were elucidated by using X-ray crystal structure determinations. A high temperature dyeing method was employed to apply these dyes for polyester fabrics. The relationship between dyeing properties and the concentration of dispersing agent present in a dye bath is evaluated.
Introduction
Disperse dyes are used in aqueous dyebaths in the form of fine dispersions, because of their very low solubility, even at high dyeing temperatures. During manufacturing dispersing agents are incorporated into the dye powders to confer the dyeing properties required of commercial dyestuffs [1, 2] . In dyeing of polyester several parallel processes can be distinguished as dissolution and redissolution of dye, transfer of dissolved dye from the bulk of the liquor to the fibre surface, adsorption of dye at the fibre surface and finally diffusion from the fibre surface into the polymer [3, 4] . One important aspect of dyeing with disperse dyes is the state of dye in the dyebath during dyeing, the finely divided dispersion of dye particles acting as a dye reservoir. The solubility of disperse dyes, though minute, is also a very important factor. In addition, the stability of the dye dispersion, the equilibrium between dye dispersion and dye in true solution in the dyebath, and the rate of dyeing are all affected by the type and concentration of the dispersing agents [5] . Pyridinone disperse dye derivatives have found many applications on different fabrics [6] [7] [8] [9] . Keeping in mind the biological importance of the above mentioned heterocyclic compounds and in continuation to our endeavour towards environmentally benign synthesis [10] [11] [12] [13] [14] [15] , we report herein, the synthesis of 1,4-diethyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3-carbonitrile, 8, as a good precursors to novel arylhydrazono-1,4-diethyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3-carbonitriles and their application as disperse dyes for the dyeing of polyester fabrics. Also the effect of dispersing agent on dye uptake and consequent dyeing properties are described.
Experimental

Instrumentation
Melting points were recorded on a Gallenkamp apparatus. IR spectra were recorded using KBr pellets on a JASCO FTIR-6300 FT-IR spectrophotometer. 1 H and 13 C NMR spectra were recorded on Bruker DPX 400 MHz or AvanceII 600 MHz superconducting NMR spectrometers with proton spectra measured at 400, 600 MHz and carbon spectra at 100 and 150 MHz, respectively. Mass spectra were measured on a high resolution GC/MS DFS-Thermo. Microanalyses were performed on Elemental-Vario Micro cube Analyzer. The crystal structure of compounds 11a and 11b were determined by Bruker AXS X8 Prospector Single Crystal X-Ray Diffractometer at Kuwait University. Compound 4 is prepared according to published literature [16] . The crystal was kept at 296 K during data collection. The structure was solved with the Program SHELXL-97 Software package.
1,4-Diethyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3carbonitrile (8)
A mixture of N-ethyl cyanoacetamide (1.12 g, 10 mmol) and methyl propionylacetate (1.30 g, 10 mmol) was refluxed for six hours. The solution was diluted with water and acidified with hydrochloric acid to give white crystals (Scheme 1). Color 
General procedure for the synthesis of azo disperse dyes (11a-d)
A cold solution of aryldiazonium salt (10 mmol), (prepared by adding a solution of sodium nitrite (1.00 g in 10 mL H2O) to a cold solution of arylamine hydrochloride (10 mmol) with stirring as described earlier) [10] . The resulting solution of the aryldiazonium chloride was then added to a cold solution of compound 8 (10 mmol) in ethanol (20 mL) containing sodium acetate (2.00 g). The mixture was stirred at room temperature for one h and the solid product so formed was collected by filtration and recrystallized from ethanol to give compounds 11a-d (Scheme 2). 
High temperature dyeing method (HT)
Materials
Polyester 100% (150 130 g/m 2 , 70/2 denier) was used. The fabric was treated before dyeing with a solution containing nonionic detergent (Hostapal CV, Clariant-Egypt, 5 g/L) and sodium carbonate (2 g/L) in a ratio of 50:1 at 60 °C for 30 min, thoroughly washed with water, and air dried at room temperature.
Dyeing
A dispersion of the dye was produced by dissolving the appropriate amount of dye (5% shade) in 2 mL DMF and then added drop wise with stirring to the dye bath (liquor ration 50:1) containing sodium lignin sulfonate as dispersing agent. The dispersing agent: dye ratio ranged from 0:1 to 4:1% ( Table  1 ). The pH of the dyebath was adjusted to 4.5 using aqueous acetic acid and the wetted-out polyester fabrics were added. Dyeing was performed by raising the dyebath temperature to 130 °C under pressure in a dyeing machine at a rate of 15 °C/min, holding at this temperature for 60 min and cooling to 50 °C. After dyeing, the fabrics were thoroughly washed and subjected to surface reduction clearing [(2 g NaOH + 2 g sodium hydrosulphite)/L]. The samples were heated in this solution for 10 min at 60 °C and then thoroughly washed and air-dried.
Color measurements and analyses
Color measurements of the dyed fabrics
The color yields of the dyed samples were determined by using the light reflectance technique performed on a Perkin-Elmer (Lambda 3B) UV/VIS Spectrophotometer. The color strengths, expressed as K/S values, were determined by applying the Kubelka-Mink Equation 1 .
where R = decimal fraction of the reflectance of the dyed fabric, Ro = decimal fraction of the reflectance of the undyed fabric, K = absorption coefficient, and S = scattering coefficient.
Color fastness tests
Fastness to washing.
After washing using 5 g/L of the nonionic detergent Hostapal CV and 2 g/L of sodium carbonate at 80 °C for 15 min, the dyed fabrics were tested by using ISO-standard methods [18] . A specimen of dyed polyester fabric was stitched between two pieces of undyed cotton and wool fabrics, all of equal length, and then washed at 95 °C for 30 min. The staining on the undyed adjacent fabrics was assessed with gray scale: 1poor, 2-fair, 3-moderate, 4-good, 5-excellent.
Fastness to perspiration
The samples were prepared by stitching a piece of dyed polyester fabric between two pieces of cotton and wool fabrics, all of equal length, and then immersed in the acid or alkaline solution for 30 min. The staining on the undyed adjacent fabrics was assessed with gray scale: 1-poor, 2-fair, 3-moderate, 4-good, 5-excellent. The acid solution (pH = 4.5) contains sodium chloride (10 g/L), sodium dihydrogen orthophosphate (1 g/L) and histidine monohydrochloride (0.25 g/L). The alkaline solution (pH = 8.7) contains sodium chloride (10 g/L), disodium orthophosphate (1 g/L) and histidine monohydro chloride (0.25 g/L).
Results and discussion
In order to study the effect of dispersing agent on dye uptake and consequent dyeing properties, several disperse dyes based on pyridones moiety are synthesized. Our initial strategy aimed to synthesize compound 8 and convert it to the corresponding arylhydrazono-1,4-diethyl-2,6-dioxo-1,2,5,6tetrahydropyridine-3-carbonitrile 11a-d, which are anticipated to be excellent new disperse dyes for the dyeing of polyester fabrics employing high temperature dyeing method. Compound 8 is synthesized by reacting ethyl cyanoacetate, with ethyl amine to produce the amide derivative 4, which reacts with methyl propionylacetate to afford 1,4-diethyl-2,6-dioxo-1,2,5,6tetrahydropyridine-3-carbonitrile, 8. Compound 8 may be exist in another tautmeric form 9 and in solution there is a very fast equilibration between them [19, 20] . The formation of compound 8 is assumed to proceed via intermediacy of compounds 3, 6 and 7 (Scheme 1).
Coupling of compound 8 with aromatic diazonium salts afforded the corresponding disperse dyes 11a-d. Structural assignments of these dyes were confirmed unambiguously by the X-ray crystallographic data provided below (Scheme 2), (Figures 1 and 2) . Disperse dyes 11a-d were applied to polyester fabrics at 5% (dye shade), using high temperature dyeing method (HT) at 130 °C. Dark orange, dark yellow, orange and yellow color shades were obtained. The dyeing properties on the polyester fabrics were evaluated in terms of their fastness properties (e.g., fastness to washing and perspiration). The color of dyeing on polyester fabrics is expressed in terms of CIELab color space values (Table 1) , and the following CIELAB coordinates were measured: lightness (L*); chroma (C*); hue angle (h) from 0 to 360 °; a*, whose value represents the degree of redness (positive) and greenness (negative); and b*, whose value represents the degree of yellowness (positive) and blueness (negative). For dyeing polyester fibres, in practical terms only disperse dyes are suitable. Through their hydrophobic properties, these dyes are capable of penetrating into the similarly hydrophobic polyester fibre. This class of dyes has extremely poor solubility in water, for this reason, dispersing agent is added to the dyebath to maintain dispersion stability, especially in the case of high temperature dyeing [21] . Table 1 , shows the relationship between K/S as a parameter for dye uptake and the concentrations of the dispersing agent used from 0 (no dispersing agent used) to 4% present in a dyebath, the K/S increase with increasing amount of dispersing agent applied. These results in this study support the findings of the other researchers who showed the linear relationship between dye uptake and the concentrations of the dispersing agent, dispersing agent increase the aqueous solubility of disperse dyes and increase the affinity of the disperse dyes for the aqueous phase, and effect both the rate and extent of uptake of disperse dyes on hydrophobic fibers [22, 23] . In general, the positive values of b* (yellow-blue axis) indicated that the color hues of the all disperse dyes on the polyester fabric shifted to the yellowish directions. The physical data for the dyed fabrics with dispersing agent, given in Table 2 , shows that the disperse dyeing displayed very good fastness levels to washing and excellent fastness levels to perspiration. While, the dyed fabrics without dispersing agent given in Table  3 have good fastness levels to washing and very good fastness levels to perspiration that means dyeing properties could be improved by adding dispersing agent.
Comparison between conventional and microwave dyeing, biological activities, and evaluation of dyeing behaviour for these arylhydrazopyridones disperse dyes are under investigation. 
Conclusion
The dyes produced in this study were applied to polyester fabrics by using high temperature dyeing method at 130 °C. The dyed fabrics with dispersing agent, which displayed yellow to dark orange on polyester fabrics, have very good fastness levels to washing and excellent fastness levels to perspiration, while the dyed fabrics without dispersing agent has good fastness levels to washing and very good fastness levels to perspiration.
